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(54) HYBRID CAR, AND METHOD AND APPARATUS FOR DRIVING HYBRID CAR 



(57) A hybrid vehicle driving system has a transmis- 
sion means (22) for selectively transmitting the output 
torque of an internal-combustion engine (10), the output 
torque of an electric motor (19) or a composite torque 
produced by combining the respective output torques of 
the internal-combustion engine (10) and the electric 
motor (19) to driving wheels. The hybrid vehicle driving 
system includes a turbogenerator (7) capable of con- 
verting energy of the exhaust gas discharged from the 
internal-combustion engine (10) into electric energy, 
and an electrical connecting means (1) for electrically 
connecting the turbogenerator (7) to the electric motor 
(19). The hybrid vehicle driving system is controlled so 
that the engine (10) operates on a lean mixture for the 
largest possible part of the total operating time of the 
engine (10). 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to a hybrid 
vehicle having a driving system including an internal 
combustion engine and another power source, a hybrid 
vehicle driving system, and a method of driving a hybrid 
vehicle. 

BACKGROUND TECHNOLOGY 

[0002] There have been proposed hybrid vehicles 
having a driving system including an engine and 
another power source, such as an electric motor. 
[0003] Hybrid electric vehicles (hereinafter abbrevi- 
ated to "HEVs M )provided with an engine and an electric 
motor are classified by the type of a driving system into 
series HEVs (hereinafter abbreviated to "SHEVs") and 
parallel HEVs (hereinafter abbreviated to "PHEVs"). In 
the SHEV, an engine drives a generator to generate 
electric energy, and a motor is driven by the electric 
energy to drive wheels. In the PHEV, an engine and a 
motor are used for driving wheels. 
[0004] In a vehicle provided with only an engine, the 
engine is unable to operate efficiently during idling and 
during low-speed low-load condition, and there is a limit 
to the reduction of fuel consumption. A vehicle provided 
with only a motor must be loaded with heavy batteries 
for storing electricity, have a large vehicle weight and is 
unable to travel a long distance before the batteries are 
exhausted. 

[0005] The HEV compensates those drawbacks in 
the vehicle provided with only an engine and the vehicle 
provided with only a motor, and is able to make the most 
of their advantages. During idling and low-speed low- 
load condition, in which the engine is unable to operate 
efficiently, only the motor is used, and changes the 
power source from the motor to the engine as vehicle 
speed increases. 

[0006] The engine is able to operate efficiently and, 
when an increased torque is required temporarily for 
acceleration or the like, the output torque of the motor 
having high response characteristics is used addition- 
ally. 

[0007] A HEV disclosed in Japanese Patent Laid- 
open No. Hei 8-294205 is provided with a lean-burn 
engine. 

[0008] This engine is able to operate in either a sto- 
ichiometric mode in which a mixture of a stoichiometric 
air-fuel ratio is supplied to the engine or a lean-burn 
mode in which a lean mixture is supplied to the engine. 
This engine is controlled so as to operate in the lean- 
burn mode for most part of an operating time to maintain 
the efficiency of the engine as high as possible. 
[0009] This prior art HEV, however, supplies electric 
energy from batteries to the motor when the torque of 
the motor is necessary. Therefore, the operating mode 



of the engine must be changed from the lean-burn 
mode to the stoichiometric mode when the batteries are 
charged insufficiently and the engine is unable to oper- 
ate continuously in the lean-burn mode. 

5 

DISCLOSURE OF THE INVENTION 

[0010] In view of the foregoing problems, it is an 
object of the present invention to provide a hybrid vehi- 

w cle driving system capable of making an engine 
mounted on a HEV operate continuously as long as 
possible in the lean-burn mode in which the engine is 
able to operate at a high efficiency. 
[001 1] Even if the batteries are sufficiently charged, 

is the operating mode must be changed from the lean- 
burn mode to the stoichiometric mode when a high 
torque is required. There is a transient combustion 
range in which a large amount of NO x is produced 
between a lean-burn range and a stoichiometric com- 

20 bustion range. If the operating mode of the engine is 
changed directly from that in the lean-burn range to that 
in the stoichiometric combustion range to skip an oper- 
ation in the transient combustion range, the output 
torque of the engine changes suddenly to produce a 

25 torque shock. 

[0012] To solve such a problem, it is a second 
object of the present invention to provide a driving 
method capable of making the most use of the charac- 
teristics of the HEV to add the output torque of a motor 

30 to the output torque of an engine, of changing the oper- 
ating mode of the engine from that in the lean-burn 
range to that in the stoichiometric combustion range 
without producing NO x and without producing any 
torque shocks. 

35 [0013] Compression ignition techniques for gaso- 
line engines have made a rapid progress in recent 
years. However, any compression ignition engine capa- 
ble of producing torques sufficient for driving a vehicle 
has not been developed. 

40 [0014] Accordingly, it is a third object of the present 
invention to provide an automobile capable of producing 
a torque sufficient for driving a vehicle by a compression 
ignition engine capable of producing a low torque. 
[0015] The first object of the present invention can 

45 be achieved by a hybrid vehicle driving system having a 
power transmitting means for selectively transmitting 
the output torque of an electric motor, the output torque 
of an internal-combustion engine or a composite torque 
produced by combining the output torques of the inter- 

so nal-combustion engine and the electric motor to driving 
wheels, comprising a turbogenerator capable of con- 
verting the energy of exhaust gas discharged from the 
internal-combustion engine into electric energy, and an 
electrical connecting means for electrically connecting 

55 the turbogenerator to the electric motor. 

[0016] The second object of the present invention 
can be achieved by a hybrid vehicle driving method 
comprising operating an internal-combustion engine 
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selectively in a first operating mode in which a mixture 
of an air-fuel ratio not lower than a predetermined first 
air-fuel ratio is supplied to the internal-combustion 
engine or a second operating mode in which a mixture 
of an air-fuel ratio not higher than a predetermined sec- 5 
ond air-fuel ratio and lower than the first air-fuel ratio is 
supplied to the internal-combustion engine, and driving 
wheels by a composite torque produced by combining 
the respective output torques of the internal-combustion 
engine and an electric motor, wherein the electric motor w 
is driven and the air-fuel ratio of the mixture supplied to 
the internal-combustion engine is maintained at the first 
air-fuel ratio when the air-fuel ratio decreases below the 
first air-fuel ratio while the internal-combustion engine is 
operating in the first operating mode. 15 
[0017] The second object can be achieved also by 
estimating a second air-fuel ratio engine torque that 
may be produced by the internal-combustion engine 
when a mixture of the second air-fuel ratio would be 
supplied to the internal-combustion engine, calculating 20 
a torque difference between an engine torque that may 
be produced when a mixture of the first air-fuel ratio is 
supplied to the engine and the estimated second air-fuel 
ratio engine torque, and changing the operating mode 
from the first operating mode to the second operating 25 
mode when the output torque of the electric motor is 
approximately equal to the calculated torque difference. 
[0018] The third object can be achieved by a hybrid 
vehicle comprising an internal-combustion engine capa- 
ble of operating in a compression ignition mode, a gen- 30 
erator capable of converting the output energy of the 
internal-combustion engine into electric energy, and an 
electric motor capable of converting the electric energy 
generated by the generator into driving energy for driv- 
ing wheels. 35 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0019] 

40 

Fig. 1 is a block diagram of a hybrid vehicle driving 
system in a first embodiment according to the 
present invention. 

Fig. 2 is a diagram of assistance in explaining a 
method of determining a desired driving torque for 45 
the hybrid vehicle driving system shown in Fig. 1 . 
Fig. 3 is a diagram of assistance in explaining an 
engine operating mode for the hybrid vehicle driving 
system shown in Fig. 1 . 

Fig. 4 is a diagram of assistance in explaining a 50 
motor operating mode for the hybrid vehicle driving 
system shown in Fig. 1. 

Fig. 5 is a diagram of assistance in explaining 
series/parallel modes in which the hybrid vehicle 
driving system shown in Fig. 1 operates. 55 
Fig. 6 is a diagram showing regions for the opera- 
tion of the engine shown in Fig. 1 at a minimum fuel 
consumption. 



Fig. 7 is a time chart of assistance in explaining the 
variation of parameters when the operating condi- 
tion of the hybrid vehicle driving system shown in 
Fig. 1 changes. 

Fig. 8 is a graph showing the response characteris- 
tics of the change of condition for the hybrid vehicle 
driving system shown in Fig. 1. 
Fig. 9 is a graph showing the relation between 
engine torque and the amount of discharged NO x 
when air-fuel ratio for a hybrid vehicle shown in Fig. 
1 is changed. 

Fig. 10 is flow chart of a motor-assistance control 
procedure to be carried out when changing air-fuel 
ratio by the hybrid vehicle driving system shown in 
Fig. 1. 

Figs. 11 A and 1 1 B are pictorial views of assistance 
in explaining power transmitting lines when the 
hybrid vehicle shown in Fig. 1 operates in a regen- 
erative braking mode. 

Fig. 12 is a flow chart of a control procedure to be 
carried out for controlling the hybrid vehicle shown 
in Fig. 1. 

Fig. 13 is a block diagram of a hybrid vehicle driving 
system in a second embodiment according to the 
present invention. 

Fig. 14 is a diagram of assistance in explaining a 
motor-drive mode for the hybrid vehicle driving sys- 
tem shown in Fig. 13. 

Figs. 15A and 15B are pictorial views of assistance 
in explaining power transmitting lines when the 
hybrid vehicle shown in Fig. 13 operates in a regen- 
erative braking mode. 

Fig. 16 is a flow chart of a control procedure to be 
carried out by the hybrid vehicle driving system 
shown in Fig. 13. 

Fig. 17 is a block diagram of a hybrid vehicle driving 
system in a third embodiment according to the 
present invention. 

Fig. 18 is diagram of assistance in explaining an 
engine-drive mode for the hybrid vehicle driving 
system shown in Fig. 17. 

Fig. 19 is diagram of assistance in explaining a 
motor-drive mode for the hybrid vehicle driving sys- 
tem shown in Fig. 17. 

Fig. 20 is a diagram of assistance in explaining a 
series/parallel mode for the hybrid vehicle driving 
system of Fig. 17. 

Fig. 21 is a time chart of assistance in explaining 
the variation of parameters when the operating con- 
dition of the hybrid vehicle driving system shown in 
Fig. 17 changes; 

Fig. 22 is a flow chart of a control procedure to be 
carried out by the hybrid vehicle driving system 
shown in Fig. 17. 

Fig. 23 is a sectional view of a turbogenerator to be 
employed in an embodiment of the present inven- 
tion. 

Fig. 24 is a graph showing the exhaust heat recov- 
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ering ability of the turbogenerator shown in Fig. 23. 
Fig. 25 is a diagram showing the relation between 
accelerator pedal displacement, brake pedal dis- 
placement, driving torque and regenerative torque. 
Fig. 26 is a graph showing change of operating con- 5 
dition. 

Fig. 27 is a graph showing change of operating con- 
dition. 

Fig. 28 is a graph showing operating condition 
change. 10 
Fig. 29 is a time chart showing operating condition 
change (Y Z) with time. 

BEST MODE FOR CARRYING OUT THE INVENTION 

15 

[0020] Preferred embodiments of the present inven- 
tion will be described with reference to the accompany- 
ing drawings. 

[0021] Fig. 1 shows a HEV driving system in a first 
embodiment according to the present invention. The 20 
HEV driving system comprises an engine 10, a genera- 
tor 17 for generating electric energy by an engine torque 
driven by the engine 10, a motor/generator 19 that 
receives electric energy and produces a motor torque, 
and a turbogenerator 7 incorporated into an exhaust 25 
system 9 for the engine 10 to receive the energy of 
exhaust gas for power generation. The HEV driving sys- 
tem further comprises a power transmission changing 
mechanism 1 2 comprising a planetary gear for distribut- 
ing the output of the engine 10 to the generator 17 and 30 
a drive shaft 21, a power transmission change mecha- 
nism 22 for combining the output of the motor/generator 
19 and the output of the drive shaft 21, an electric 
energy converter 8 for controlling the voltage of electric 
energy generated by the turbogenerator 7, an electric 35 
energy converter 16 for controlling the voltage of elec- 
tric energy generated by the generator 17, an electric 
energy converter 18 for supplying electric energy to the 
motor/generator 19, an electric energy storage device 5 
connected to the electric energy converters to store 40 
electric energy, and an electric energy converter con- 
troller 1 for controlling the voltages of the electric energy 
converters and controlling a charging operation for 
charging the electric energy storage device. 
[0022] The engine 10 is provided with an electroni- 45 
cally controlled throttle valve, not shown, which is fully 
open while the engine 10 is in a normal operation. A 
nonthrottle engine not provided with any throttle valve 
may be used instead of the engine 1 0. Thus, pump loss, 
which reduces thermal efficiency, is not produced. The so 
output torque of the engine 10 is controlled through the 
control of air-fuel ratio, i.e., through the control of fuel 
supply amount. The engine thus controlled is, for exam- 
ple, a diesel engine. However, a diesel engine is not 
preferable because a diesel engine produce smoke 55 
when the same operates in a high-load operating range. 
According to the present invention, the engine 10 is 
assumed to be a lean-burn gasoline engine. Preferably, 



the engine is a lean-burn engine of a cylinder injection 
type, in which the fuel is injected directly into a combus- 
tion chamber, capable of operating at a high air-fuel 
ratio of about fifty at a maximum. When the air-fuel ratio 
is not smaller than fifty, the mixture is ignited for com- 
bustion by compression ignition system that ignites a 
homogeneous mixture by heat of compression. A com- 
pression-ignition engine is described in detail in Japa- 
nese Patent Laid-open No. Hei 10-56413. 
[0023] The operation of the first embodiment of the 
present invention will be described hereinafter. Fig. 2 is 
a diagram of assistance in explaining a method of deter- 
mining a desired driving torque for a HEV provided with 
the HEV driving system shown in Fig. 1. The desired 
driving torque is a torque to be transmitted to a driving 
wheel to drive the HEV for traveling and is the sum of an 
engine torque and a motor torque. 
[0024] A desired driving torque is dependent on 
accelerator pedal displacement, brake pedal displace- 
ment and the traveling speed of the HEV. Accelerator 
pedal displacement and brake pedal displacement 
reflect the driver's intention of acceleration and driver's 
intention of deceleration, respectively, and represent 
desired output torques, respectively. The desired driving 
torque increases as the accelerator pedal displacement 
increases, and the desired torque decreases (regenera- 
tive torque increases) as the brake pedal displacement 
increases. The relation between those factors varies 
with the traveling speed. The amount of change of the 
driving torque with the accelerator pedal displacement 
and that of the driving torque with the brake pedal dis- 
placement are small when the traveling speed is high. 
[0025] Fig. 3 shows an engine operating mode for 
the engine of the HEV in this embodiment. The engine 
operating mode is. determined on the basis of traveling 
speed and desired driving torque. The operating mode 
is divided roughly into regions A, B and C. Values of 
traveling speed and desired torque are normalized by 
maximum values for the HEV in this embodiment. In the 
region A, the engine is not operated and only the motor 
19 is used for traveling until traveling speed reaches a 
predetermined traveling speed V1 (Fig. 3). If the amount 
of electric energy stored in the electric energy storage 
device 5 is insufficient or decreases, the engine 10 is 
operated in the compression ignition mode to generate 
power by the generator 17. In this state, the engine 
speed of the engine 10 is kept constant, the throttle 
valve is fully opened, and generator driving power is 
controlled only through the control of fuel feed amount. 
This control is achieved by controlling power generating 
amount by an engine controller 1 1 for controlling the 
engine 10 on the basis of information provided by a 
main controller 15. If the desired driving torque is high 
and the electric energy requirement of the motor/gener- 
ator 19 is large in the region A, the operating mode is 
changed to a stratified charge combustion mode (region 
A2) or a homogeneous charge combustion mode 
(region A3). A very lean mixture having an air-fuel ratio 
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of 50 or above (superlean mixture) is used for the com- 
pression ignition mode, a lean mixture having an air-fuel 
ratio in the range of 30 to 50 (lean mixture) is used for 
the stratified charge combustion mode, and a stoichio- 
metric mixture having an air-fuel ration in the range of 
14 to 15 (stoichiometric mixture) is used for the homo- 
geneous charge combustion mode. 
[0026] In a region B, the traveling speed is in the 
range of V1 and V3, the desired driving torque is not 
higher than T2, the engine is operated in the stratified 
charge combustion mode and the air-fuel ratio is in the 
range of 30 to 50. 

[0027] In a region C, the air-fuel ratio is stoichiomet- 
ric, and the engine 10 is operated in the homogeneous 
charge combustion mode to increase the engine torque. 
[0028] Fig. 4 shows a motor operating mode for the 
HEV in this embodiment. The motor operating mode is 
determined on the basis of traveling speed and desired 
driving torque. The operating mode is divided roughly 
into regions A, D, E and F. Values of traveling speed and 
desired torque are normalized by maximum values for 
the HEV in this embodiment. In the region A, the engine 
is not operated and only the motor 19 is used for 
traveling until the traveling speed reaches a predeter- 
mined traveling speed V1 (Fig. 4). Electric energy for 
driving the motor 1 9 is supplied from the electric energy 
storage device 5. If the amount of electric energy stores 
in the electric energy storage device 5 is insufficient or 
decreases, the engine 10 is operated in the compres- 
sion ignition mode to generate power by the generator 
1 7 and electric energy thus generated is supplied to the 
motor 19. This control is achieved by controlling power 
generating amount by the engine controller 1 1 for con- 
trolling the engine 10 and an electric energy converter 
controller 1 on the basis of information provided by the 
main controller 15. 

[0029] In the region D, traveling speed is in the 
range of V1 to V2, desired driving torque is not higher 
than T1, only the engine is used for traveling and the 
motor is not operated. 

[0030] In the region E, the turbogenerator 7 is 
driven by the energy of the exhaust gas discharged from 
the engine 10 to generate electric energy. The electric 
energy thus generated is used for driving the motor 19 
as needed or is used for charging the electric energy 
storage device 5. 

[0031] In the region F, the turbogenerator 7 is driven 
by the energy of the exhaust gas discharged from the 
engine 10, the generator 17 is driven by the engine 10 
to increase power generating amount, and the motor 19 
is driven by the thus generated electric energy. 
[0032] In this embodiment, energy is recovered by 
the turbogenerator 7 in the regions E and F where 
engine torque and engine speed are relatively high. As 
obvious from Fig. 24 which will be described later, the 
higher the engine torque, the greater is the amount of 
recovered waste heat. 

[0033] The conventional automobile recovers 



energy from exhaust heat produced by the engine by a 
turbosupercharger and a turbogenerator. Although the 
turbosupercharger is able to compress intake air. 
energy recovered by the turbosupercharger cannot be 

5 stored. Energy recovered by the turbogenerator can be 
stored as electric energy in batteries. 
[0034] Since the hybrid vehicle is provided with a 
motor that uses electric energy as a driving means, it is 
preferable that the hybrid vehicle is provided with a tur- 

w bogenerator, the hybrid vehicle enables inclusive 
energy management, and the hybrid vehicle operates at 
improved efficiency. 

[0035] Fig. 5 shows operating modes for the HEV 
sorted on the basis of series/parallel conception. Basi- 
ls cally, the engine 10 is not operated and only the 
motor/generator 19 produces driving power in a region 
A. In this state, the HEV operates as an electric vehicle. 
[0036] When the electric energy storage device 5 is 
insufficiently charged or the energy stored in the electric 
20 energy storage device 5 decreases, the engine 10 is 
operated in the compression ignition mode to drive the 
generator 17, electric energy generated by the genera- 
tor 17 is supplied to the motor/generator 19. Conse- 
quently, the HEV operates as an SHEV when the 
25 electric energy is charged. 

[0037] In a region B, only the engine 10 produces 
driving power. The HEV operates as an automobile pro- 
vided with an ordinary internal-combustion engine. A 
mixture of an air-fuel ratio in the range of 30 to 50 is sup- 
30 plied to the engine 10 to operate the engine 10 in the 
stratified charge combustion mode. Therefore the effi- 
ciency is not reduced. The energy of the exhaust gas is 
recovered and used by the turbogenerator 7 for power 
generation. 

35 [0038] In a region B\ a mixture having an air-fuel 
ratio of 30 is supplied to the engine 1 0 for constant oper- 
ation, and the driving torque is supplemented by the 
torque of the motor/generator 19. Most part of the elec- 
tric energy for driving the motor/generator 19 is gener- 

40 ated by the turbogenerator 7 and hence the amount of 
electric energy stored in the electric energy storage 
device 5 is not affected by the operation of the 
motor/generator 19. In this respect, the HEV is a PHEV 
that uses the output torques of both the engine 10 and 

45 the motor/generator 19. Since the HEV uses electric 
energy generated by the turbogenerator 7 for driving the 
motor/generator 19, the HEV is an SHEV. 
[0039] In a region C\ a mixture having an air-fuel 
ratio in the range of 1 4 to 1 5 is supplied to the engine 1 0 

so and the engine 10 operates constantly in the homoge- 
neous charge combustion mode. Driving torque is sup- 
plemented with the output torque of the motor/generator 
19. Most part of electric energy supplied to the 
motor/generator 19 is electric energy generated by the 

55 turbogenerator 7 and hence the amount of electric 
energy stored in the electric energy storage device 5 is 
not affected by the operation of the motor/generator 19. 
Thus, the HEV operates as both a PHEV and an SHEV 
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as the same operation as the region B'. 
[0040] In the region C, the generator 17 is operated 
to increase power generating amount, and electric 
energy generated by both the turbogenerator 7 and the 
generator 17 is used. In this region, the HEV operates 5 
' as a PHEV that uses the output torques of both the 
engine 10 and the motor/generator 19, and as an SHEV 
that uses electric energy generated by the turbogenera- 
tor 7 for driving the motor/generator 19. 
[0041] Fig. 6 shows characteristics of the engine for w 
the HEV in this embodiment. Fig. 6 shows the depend- 
ence of fuel consumption on engine speed and engine 
torque, and ranges in which the engine operates at a 
minimum fuel consumption rate in each operating 
mode. An ordinary engine the output torque of which is is 
controlled by regulating the amount of air by a throttle 
valve has a single range in which the engine is able to 
operate at a minimum fuel consumption rate. The fuel 
consumption rate of the engine increases in an operat- 
ing range in which the engine speed and load on the 20 
engine are low. The engine in this embodiment for the 
HEV is able to operate selectively in one of the com- 
pression ignition mode, the stratified charge combustion 
mode and the homogeneous charge combustion mode. 
Therefore, the engine operates at the minimum fuel 25 
consumption rate in three ranges as shown in Fig. 6. In 
a region G, the engine operates in the compression igni- 
tion mode and air-fuel ratio for D1 is about 50. In a 
region H, the engine operates in the stratified charge 
combustion mode, air-fuel ratio is about 40 for E1 and 30 
about 30 for E2. In a region J, the engine operates in the 
homogeneous charge combustion mode and air-fuel 
ratio is about 15 for F1 and about 14 for F2. Air-fuel ratio 
is thus determined for each operating mode and engine 
speed is controlled so that fuel consumption rate is in a 35 
minimum fuel consumption rate range. 
[0042] Fig. 7 is a time chart showing control opera- 
tions of a control system. A characteristic operation of 
this embodiment will be described on an assumption 
that operating condition changed from that indicated by 40 
a point X to that indicated by a point Y in Fig. 5. 
[0043] While the HEV is traveling under conditions 
in the region A, the engine 10 is stopped when the elec- 
tric energy storage device is fully charged or the engine 
10 is operated in the compression ignition mode if the as 
electric energy storage device 5 is insufficiently 
charged, and an engine torque Te1 indicated by dotted 
line 30 is produced. The engine torque Te1 is not used 
directly for driving the vehicle; the same is used to drive 
the generator 17 for power generation. Therefore, air- so 
fuel ratio is infinity while the engine 10 is stopped and is 
about 50 as indicated by dotted line 31 while the engine 
10 is in operation. In the region A, the vehicle is driven 
by the motor/generator 19 and the motor produces a 
torque Tm1. An output torque T1 equal to the torque 55 
Tm1 is transmitted to the driving wheel. When the accel- 
erator pedal displacement is changed from a1 to rx2, a 
desired driving torque is calculated on the basis of infor- 



mation about the change of the accelerator pedal dis- 
placement and the traveling speed, and the driving 
toque is changed from To1 to To2. During the change of 
the desired driving torque from that at the point X to that 
at the point Y (Fig. 5), the output driving torque changes 
through those in the regions B and B' to that in the 
region C. When operating condition changes from that 
in the region A to that in the region B, air-fuel ratio is 
determined so that the engine kept stopped or operating 
to produce the torque Te1 for power generation is oper- 
ated in the stratified charge combustion mode to pro- 
duce an engine torque Te2. The torque of the 
motor/generator 19 is decreased gradually until the air- 
fuel ratio of the mixture supplied to the engine 10 coin- 
cides with a set air-fuel ratio. The output torque of the 
motor/generator 19 is adjusted by adjusting a current. 
The motor torque is reduced by reducing the current. In 
this state, the motor may continue to run by inertia. In 
the region B, the motor torque is reduced to naught 
upon the coincidence of the air-fuel ratio of the mixture 
supplied to the engine 10 with the set value. When the 
operating condition changes from that in the region B to 
that in the region B\ a mixture having an air-fuel ratio of 
30 is supplied to the engine 1 0, the engine 1 0 continues 
to operate at a fixed engine speed in the stratified 
charge combustion mode to increase the output torque 
of the motor/generator 19. Thus, the engine 10 is 
assisted by the motor/generator 19, the engine 10 is 
able to continue the operation in the stratified charge 
combustion mode and hence fuel consumption rate can 
be improved. Since electric energy generated by the tur- 
bogenerator 7 is used for driving the motor/generator 
19, the amount of electric energy stored in the electric 
energy storage device 5 does not change. In the region 
C, the engine 10 operates in the homogeneous charge 
combustion mode. Consequently, an engine torque Te3 
produced by the engine in the homogeneous mixture 
combustion mode differs from the engine torque Te2 
produced by the engine in the stratified charge combus- 
tion mode by a torque difference ATe. A conventional 
engine system not provided with any motor-assist 
mechanism adjusts the output by reducing the flow of 
air through the throttle valve so as to reduce the torque 
difference ATe, which, however, produces a negative 
pressure in the cylinders and produces a pump loss. 
[0044] In this embodiment, the operating condition 
is changed from that in the region B' to that in the region 
C when the torque of the assisting motor became 
approximately equal to the torque difference ATe. A con- 
trol operation for changing the operating condition will 
be described with reference to Fig. 9. A period where 
the operating condition is in the region B\ time for which 
the motor/generator 19 is operated for torque assist, is 
determined on the basis of the accelerator pedal dis- 
placement. Since time in which the accelerator pedal 
displacement changes from a1 to a2 is conceived to be 
a desired value of output driving torque response time 
desired by the driver, a short period (Toc2 - Tct1 ) signi- 
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ties quick acceleration and a relatively long period (Ta2 
- Tr/.1) signifies slow acceleration. Therefore, in a period 
(t4 - 13) in the region B' is determined as shown in Fig. 8 
according to the period (Tcc2 - Tcx1 ). When the operating 
condition is changed to that in the region C, a mixture 
having an air-fuel ratio of 1 5 is supplied to the engine 1 0 
and the engine 1 0 continues to operate at a fixed engine 
speed in the homogeneous charge combustion mode. 
The motor torque produced by the motor/generator 19 
drops by ATe and current command is small immedi- 
ately after the change of the operating condition. Subse- 
quently, the motor torque of the motor/generator 19 is 
increased until the desired driving torque is produced. 
When it is desired to make the generator 17 generate 
power in the region C, the air-fuel ratio is changed to an 
air-fuel ratio of 14 as indicated by dotted line to increase 
the engine torque as indicated by dotted line 32. 
[0045] Control operations for changing the operat- 
ing condition from that in the region B* to that in region 
C will be described with reference to Fig. 9. The output 
characteristic of the engine for the HEV in this embodi- 
ment is represented by the relation between air-fuel 
ratio and engine torque. In a range where air-fuel ratio is 
50 or above, the engine is operated in the compression 
ignition mode in the region A to make the generator 17 
generate power. When the generator 17 does not gen- 
erate any power, the engine torque is naught. A range 
where air-fuel ratio is in the range of 30 to 50 corre- 
sponds to the stratified charge combustion mode, and a 
range where air-fuel ratio is in the range of 1 4 to 1 5 cor- 
responds to the homogeneous charge combustion 
mode. A range where air-fuel ratio is in the range of 30 
to 1 5 is not used because a large amount of NO x is pro- 
duced when the engine is operated in that range. 
[0046] The engine for the HEV of the present inven- 
tion is provided with an electronically controlled throttle. 
However, the flow of air is not varied and fuel supply 
amount is varied to control engine torque to operate the 
engine at a high efficiency. Therefore, when air-fuel ratio 
is changed from 30 to 15, the engine torque changes by 
a torque change ATe. 

[0047] If air-fuel ratio is thus changed, operating 
performance becomes worse and it is possible that a 
driving force transmitting system is broken. The present 
invention compensates the torque change by the motor 
torque so that torque is transmitted smoothly to the driv- 
ing wheel when air-fuel ratio is changed. Since electric 
energy supplied to the motor/generator 19 in compen- 
sating the torque change is generated by the turbogen- 
erator 7 by using energy recovered from the exhaust 
gas. Therefore, the amount of electric energy stored in 
the electric energy storage device 5 is not affected by 
the change of air-fue! ratio. A changing method will 
more concretely be described. The engine 10 starts 
operating in a constant operation mode and the 
motor/generator 19 starts producing motor torque after 
air-fuel ratio reached 30. Since the motor produces 
motor torque according to a current command, torque 



can smoothly be produced by minutely controlling the 
current command. Consequently, the torque change 
does not cause any problem. Timing of changing air- 
fuel ratio from 30 to 15 is determined so that air-fuel 

5 ratio is changed when a motor torque ATm coincides 
with the engine torque change ATe. Upon the change of 
air-fuel ratio, the electric energy converter controller 1 
reduces the value of the current command given to the 
motor/generator 19 to reduce the motor torque corre- ■ 

w sponding to the engine torque change ATe. If the chang- 
ing timing is too late, 

ATm > ATe (1) 

75 and the output driving torque changes stepwise. If the 
output driving torque drops even for a moment after the 
change of air-fuel ratio, operating performance and a 
sensation of acceleration are spoiled. Therefore timing 
of air-fuel ratio change must be determined so as to 

20 meet: 

ATm si Te (2) 

Motor torque can accurately be known through the 
25 measurement of a current. Engine torque can be esti- 
mated from fuel feed amount, intake air supply amount 
and engine speed. An engine torque when fuel feed 
amount is increased while a mixture having an air-fuet 
ratio of 30 is supplied to the engine is estimated. It an 
30 estimated engine torque is excessively high, the 
motor/generator controls ATm on the basis of a wrong 
ATe' different from the actual engine torque change Ale 
and a state represented by Expression (1) may occur 
Therefore, the relation between the estimated engine 
35 torque change ATe' and the motor torque ATm is 
expressed by: 

ATm - (3 x ATe' (3i 

40 and the value of (3 is adjusted so that the estimatec 
engine torque change ATe' approaches the actual 
engine torque change ATe. 

[0048] Fig. 10 shows a control procedure to be car 
ried out when changing the air-fuel ratio. When a motor 

45 assisted operation control operation is started in block 
40, the main controller 1 5 stores time data indicating the 
time when the motor-assisted operation control opera- 
tion is started in a storage device included in a control 
unit in block 41. In block 42, engine torque at present 

50 (air-fuel ratio : 30) is calculated on the basis of fuel feed 
amount, intake air supply amount and engine speed. In 
block 43, engine torque when air-fuel ratio is 15 is esti- 
mated on the basis of the calculated result. At the begin- 
ning of the first cycle of the air-fuel ratio change control 

55 operation, the correction coefficient (3 for correcting an 
estimated engine torque is given in block 44. When 
learned value of the correction coefficient p is stored in 
the storage device included in the control unit, reference 
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is made to the learned value of the correction coefficient 
|j in block 46 and the value of the correction coefficient 
jj is determined in block 45. The motor torque change 
ATm is calculated by using Expression (3) in block 47, 
and a current I' that produces the motor torque change 5 
. ATm is calculated. In block 48, motor current I is meas- 
ured, and the motor current I is compared with the motor 
current I' in block 49. If the motor current I and I' are dif- 
ferent from each other, the motor current I is measured 
again in block 48 and is compared with the motor cur- w 
rent I' in block 49. When I = I' , an air-fuel ratio change 
command requesting changing air-fuel ratio from 30 to 
1 5 is given to the controller 1 1 of the engine 10. In block 
51, change in the driving wheel is measured to decide 
whether or not the correction coefficient (3 for correcting 15 
the estimated engine torque is appropriate. The change 
in the rotation of the driving wheel is measured by a 
torque sensor attached to a propeller shaft or a wheel 
speed sensor included in an antilock brake system 
(ABS). Since a torque sensor measures an actual 2 o 
torque being transmitted to the driving wheel, it can be 
decided that the output driving torque has smoothly 
changed. A wheel speed sensor measures a change in 
rotating speed when the output driving torque changes 
stepwise. Change in the output driving torque can be 25 
measured by either a torque sensor or a wheel speed 
sensor. In block 52, a set of data including a change in 
the output driving torque, a fuel feed amount, an intake 
air supply amount, an engine speed, an estimated 
engine torque difference and a motor torque is stored in 30 
the storage device for learning control. Therefore, the 
accuracy of the correction coefficient P is improved by 
leaning control. After the completion of the motor- . 
assisted air-fuel ratio change control operation, the con- 
trol procedure returns to a main control procedure. 35 
[0049] Figs. 11 A and 11B show the condition of 
power transmitting lines when the brake system of the 
HEV is operated. In the HEV, a braking force propor- 
tional to the brake pedal displacement is produced as 
shown in Fig. 2. In this specification, the braking force is 40 
equal to the sum of a braking force produced by a 
mechanical brake system of the vehicle, a regenerative 
braking force produced by the motor/generator 19 and 
an engine-braking force. As shown in Fig. 11 A, rota- 
tional energy of a mechanism on the side of the wheels 45 
is used to drive the motor/generator 19 for regenerative 
braking when the electric energy storage device 5 has 
empty capacity (when the electric energy storage 
device 5 is not fully charged). As shown in Fig. 1 1 B, 
rotational energy of the mechanism on the side of the so 
wheels is used to drive the engine when the electric 
energy storage device has a little empty capacity (when 
the electric energy storage device 5 is fully charged). In 
this state, the electronically controlled throttle is fully 
closed to produce negative pressures in the cylinders of 55 
the engine in order that the braking effect of the engine 
is enhanced. 

[0050] Fig. 12 shows a control procedure in this 



embodiment. In block 60, an operating condition of the 
HEV is determined on the basis of a set of data includ- 
ing an accelerator pedal displacement, a brake pedal 
displacement and a traveling speed, and a desired driv- 
ing torque is calculated in block 61 . In block 62, an oper- 
ating mode is determined on the basis of the desired 
driving torque and the traveling speed. In the region A, 
the amount of electric energy stored in the electric 
energy storage device 5 is checked in block 63. If the 
electric energy storage device 5 is insufficiently 
charged, the engine 10 is operated in the compression 
ignition mode in block 64 to generate power by the gen- 
erator in block 69. If the electric energy storage device 5 
is fully charged, the engine 10 is stopped. When the 
engine 10 is operated, the electric energy converter 
controller 1 gives a voltage control signal to the electric 
energy converter 16 of the generator 17. Since the gen- 
erator 17 is assumed to be an ac generator, the electric 
energy converter 1 6 is an ac-dc converter for converting 
ac electric energy generated by the generator 17 into 
corresponding dc electric energy. If the generator 17 is 
a dc generator, the electric energy converter 16 is a dc- 
dc converter, and the controller 1 executes a voltage 
changing control operation to change a voltage to a pre- 
determined voltage. As shown in block 74, the 
motor/generator 19 produces a driving force for 
traveling in the region A. 

[0051] In the region B, the engine 10 is operated in 
the stratified charge combustion mode in block 65 and 
the motor/generator 19 does not produce any driving 
force. In block 68, the amount of electric energy stored 
in the electric energy storage device 5 is checked. If the 
electric energy storage device 5 is insufficiently 
charged, power is generated by the turbogenerator 7 
combined with the exhaust pipe 9 of the engine 10 to 
charge the electric energy storage device 5. The region 
B has a special region B* for special conditions, i.e., 
transient conditions under which the engine 10 is oper- 
ated when the operating condition of the engine 
changes from that in the region B to that in the region C. 
In the region B\ the engine 10 operates constantly in 
the stratified charge combustion mode and the 
motor/generator 19 is driven to assist the engine 10 for 
providing a desired torque. 

[0052] In the region C, the engine 10 is operated in 
the homogeneous charge combustion mode in block 66, 
the motor/generator 19 is driven in block 76 to provide 
an supplementary torque. Electric energy is supplied to 
the motor/generator 19 only by the turbogenerator 7 in 
the region C\ and by both the turbogenerator 7 and the 
generator 17 in the region C. 

[0053] Basically, the motor/generator 19 recovers 
energy in block 73 when the brake system is operated. 
When it is confirmed in block 63 that the electric energy 
storage device 5 is fully charged, the motor/generator 
19 is not used for regenerative braking operation and 
the braking effect of the engine 10 is used in block 67. In 
any one of those modes, the output driving torque T is 
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measured in block 77 and the foregoing operations are 
repeated until the output driving torque T coincides with 
the desired driving torque To. 

[0054] Another embodiment of the present inven- 
tion will be described. Fig. 13 shows an HEV driving 
system in a second embodiment according to the 
present invention. The HEV driving system comprises 
an engine 10, a motor/generator 17 interposed between 
the engine 10 and a clutch 12, a motor/generator 19 
independent of the engine 10, and a turbogenerator 7 
combined with the exhaust system 9 of the engine 1 0 to 
generate power by using the energy of the exhaust gas. 
The HEV driving system further comprises a power 
transmission change mechanism 22 for combining the 
output of the motor/generator 19 and the output of the 
engine 10 transmitted by a drive shaft 21, an electric 
energy converter 8 for controlling the voltage of electric 
energy generated by the turbogenerator 7, an electric 
energy converter 16 for controlling the voltage of elec- 
tric energy generated by the motor/generator 17, an 
electric energy converter 18 for supplying electric 
energy to the motor/generator 19, an electric energy 
storage device 5 connected to the electric energy con- 
verters to store electric energy, and an electric energy 
converter controller 1 for controlling the voltages of the 
electric energy converters and controlling a charging 
operation for charging the electric energy storage 
device. Desirably, the engine is similar to that included 
in the first embodiment. 

[0055] The operation of the second embodiment 
will concretely be described hereinafter. A method of 
determining a desired driving torque for an- HEV driven 
by the HEV driving system shown in Fig. 3 is the same 
as that previously explained with reference to Fig. 2. 
Engine operating modes and series/parallel modes for 
the engine of the HEV in this embodiment are the same 
as those previously described with reference to Figs. 3 
and 5. Fig. 14 shows a motor operating modes. The 
motor operating mode is determined on the basis of 
traveling speed and desired driving torque. The motor 
operating mode is divided roughly into regions A, D, E 
and F. Values of traveling speed and desired driving 
torque are normalized by. maximum values for the HEV 
in this embodiment. In the region A, the engine is not 
operated and only the motor 1 9 is used for traveling until 
traveling speed reaches a predetermined traveling 
speed V1 (Fig. 14). The electric energy storage device 
5 supplies electric energy for driving the motor 1 9. If the 
amount of electric energy stored in the electric energy 
storage device 5 is insufficient or decreases, the engine 
10 is operated in the compression ignition mode to gen- 
erate power by the generator 17 and electric energy 
generated by the generator 17 is used for driving the 
motor 19. This control is achieved by controlling power 
generating rate by an engine controller 1 1 for controlling 
the engine 10 and the electric energy converter control- 
ler 1 on the basis of information provided by a main con- 
troller 15. 



[0056] In the region D, where traveling speed is in 
the range of V1 to V2, and desired driving torque is not 
higher than T1 , only the engine is used for traveling and 
the motor is not operated. 

5 [0057] In the region E, the turbogenerator 7 is 
driven by the energy of the exhaust gas discharged from 
the engine 10, electric energy generated by the turbo- 
generator 7 is used for driving the motor 19 or for charg- 
ing the electric energy storage device 5. 

w [0058] In the region F, the turbogenerator 7 is driven 
by the energy of the exhaust gas discharged from the 
engine 10, the motor/generator 17 is driven by the 
engine 10 to increase power generating amount and 
electric energy generated by the turbogenerator 7 and 

15 the motor generator 1 7 is used for driving the motor 19. 
[0059] Figs. 15A and 15B show the condition of 
power transmitting lines when the brake system of the 
HEV is operated. In the HEV, a braking force propor- 
tional to the brake pedal displacement is produced as 

20 shown in Fig. 2. In this specification, the braking force is 
equal to the sum of a braking force produced by a 
mechanical brake system of the vehicle, a regenerative 
braking force produced by the motor/generators 17 and 
19, and an engine-braking force. As shown in Fig. 15A, 

25 rotational energy of a mechanism on the side of the 
wheels is used to drive the motor/generator 19 for 
regenerative braking when the electric energy storage 
device 5 has empty capacity (when the electric energy 
storage device 5 is not fully charged). As shown in Fig. 

30 15B, rotational energy of the mechanism on the side of 
the wheels is transmitted through a power transmission 
changing mechanism, a transmission and a clutch to 
the motor/generator 17 and is used to increase the 
regenerative braking force when the electric energy 

35 storage device has little empty capacity. In Fig. 1 5B, the 
energy of the mechanism on the side of the wheels is 
not transmitted to the two motor/generators 17 and 19 
and is transmitted to the engine 10 when the electric 
energy storage device 5 has little empty capacity (when 

40 the electric energy storage device 5 is fully charged). In 
this state, the electronically controlled throttle is fully 
closed to produce negative pressures in the cylinders of 
the engine in order that the braking effect of the engine 
is enhanced. 

45 [0060] Fig. 16 shows a control procedure in this 
embodiment. In block 160, an operating condition of the 
HEV is determined on the basis of a set of data includ- 
ing an accelerator pedal displacement, a brake pedal 
displacement and a traveling speed, and a desired driv- 

50 ing torque is calculated in block 161. In block 162, an 
operating mode is determined on the basis of the 
desired driving torque and the traveling speed. When 
the operating mode is in the region A, the amount of 
electric energy stored in the electric energy storage 

55 device 5 is checked in block 163. If the electric energy 
storage device 5 is insufficiently charged, the engine 10 
is operated in the compression ignition mode in block 
164 to generate power by the motor generator in block 
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169. If the electric energy storage device 5 is fully 
charged, the engine 10 is stopped. When the engine 10 
is operated, the electric energy converter controller 1 
gives a voltage control signal to the electric energy con- 
verter 16 of the motor/generator 17. Since the 5 
motor/generator 17 is assumed to be an ac generator, 
the electric energy converter 16 is an ac-dc converter 
for converting ac electric energy generated by the 
motor/generator 17 into corresponding dc electric 
energy If the motor/generator 17 is a dc generator, the w 
electric energy converter 16 is a dc-dc converter, and 
the controller 1 executes a voltage changing control 
operation to change a voltage to a predetermined volt- 
age. As shown in block 174, the motor/generator 19 pro- 
duces a driving force for traveling in the region A. 15 
[0061] In the region B, the engine 10 is operated in 
the stratified charge combustion mode in block 165 and 
the motor/generator 19 does not produce any driving 
force. In block 168, the amount of electric energy stored 
in the electric energy storage device 5 is checked. If the 20 
electric energy storage device 5 is insufficiently 
charged, power is generated by the turbogenerator 7 
combined with the exhaust pipe 9 of the engine 10 to 
charge the electric energy storage device 5. The region 
B has a special region B' for special conditions, i.e., 25 
transient conditions under which the engine is operated 
when the operating condition of the engine changes 
from that in the region B to that in the region C. In the 
region B\ the engine 1 0 operates constantly in the strat- 
ified charge combustion mode and the motor/generator 30 
19 is driven to assist the engine 10 for providing a 
desired torque. 

[0062] In the region C, the engine 10 is operated in 
the homogeneous charge combustion mode in block 
166, the motor/generator 19 is driven in block 176 to 35 
provide an supplementary torque. Electric energy is 
supplied to the motor/generator 19 only by the turbo- 
generator 7 in the region C\ and by both the turbogen- 
erator 7 and the generator 17 in the region C. 
[0063] Basically, the motor/generators 17 and 19 40 
recover energy in blocks 173 and 179 when the brake 
system is operated. When it is confirmed in block 163 
that the efectric energy storage device 5 is fully 
charged, the motor/generators 17 and 19 are not used 
for regenerative braking operation and the braking effect 45 
of the engine 10 is used in block 167. In any one of 
those modes, the output driving torque T is measured in 
block 177 and the foregoing operations are repeated 
until the output driving torque T coincides with the 
desired driving torque To. so 
[0064] A further embodiment of. the present inven- 
tion will be described. Fig. 17 shows an HEV driving 
system in a third embodiment according to the present 
invention. The HEV driving system comprises an engine 
10, a motor/generator 17 interposed between the 55 
engine 10 and a clutch 12, and a turbogenerator 7 com- 
bined with the exhaust system 9 of the engine 10 to 
generate power by using the energy of the exhaust gas. 



A transmission 1 3 is connected to the engine 1 0 and the 
output shaft of the motor/generator 17. The HEV driving 
system further comprises an electric energy converter 8 
for controlling the voltage of electric energy generated 
by the turbogenerator 7, an electric energy converter 16 
for controlling the voltage of electric energy generated 
by the motor/generator, an electric energy storage 
device 5 connected to the electric energy converters to 
store electric energy, and an electric energy converter 
controller 1 for controlling the voltages of the electric 
energy converters and controlling a charging operation 
for charging the electric energy storage device. Desira- 
bly, the engine is similar to that included in the first 
embodiment. 

[0065] The operation of the third embodiment will 
concretely be described hereinafter. A method of deter- 
mining a desired driving torque for an HEV driven by the 
HEV driving system shown in Fig. 1 7 is the same as that 
previously explained with reference to Fig. 2. Engine 
operating modes for the engine of the HEV in this 
embodiment are shown in Fig. 18. The engine operating 
mode is determined on the basis of traveling speed and 
desired driving torque. The engine operating mode is 
divided roughly into regions A, B and C. Values of 
traveling speed and desired driving torque are normal- 
ized by maximum values for the HEV in this embodi- 
ment. The engine 10 is operated in the compression 
ignition mode, in the region A, in the stratified charge 
combustion mode in the region B and the homogeneous 
charge combustion mode in the region C. In this state, 
the engine 10 is operated at a fixed engine speed, the 
throttle valve is fully opened and the output of the 
engine 10 is controlled by controlling only fuel feed 
amount. This control is achieved by controlling power 
generating amount by an engine controller 1 1 for con- 
trolling the engine 10 on the basis of information pro- 
vided by a main controller 15. The operating mode is 
changed through the stratified charge combustion mode 
(region A2) in which the fuel is injected into the cylm 
ders, to the homogeneous charge combustion mode 
(region A3) to increase engine output. The air-fuel ratio 
of the mixture is 50 or above (superlean mixture) for the 
compression ignition mode, in the range of 30 to 50 
(lean mixture) for the stratified charge combustion 
mode, and in the range of 14 to 15 (stoichiometric mix- 
ture) for the homogeneous combustion mode. 
[0066] In the region B, the traveling speed is in the 
range of V1 to V3, the desired driving torque is not 
higher than T2, the engine is operated in the stratified 
charge combustion mode and the air-fuel ratio is in the 
range of 30 to 50. 

[0067] In the range C, the air-fuel ratio is stoichio- 
metric, and the engine 10 is operated in the homogene- 
ous charge combustion mode to increase the engine 
torque. 

[0068] Fig. 19 shows a motor operating mode for 
the HEV. The motor operating mode is determined on 
the basis of traveling speed and desired driving torque. 
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The operating mode is divided roughly into regions D, E 
and F. Values of traveling speed and desired torque are 
normalized by maximum values for the HEV in this 
embodiment. In the region E, assistive torque produc- 
tion is not performed and power is generated continu- 5 
ously by using the output of the engine. The region D 
included in the region E is a low-engine-speed, low-load 
region. It is not desirable to operate the engine in the 
region D from the viewpoint of efficiency. Therefore, 
torque production is assisted by the motor/generator 1 7. w 
In the region F, torque production must always be 
assisted by the motor/generator 17 and the turbogen- 
erator supplies electric energy. 

[0069] Fig. 20 shows an operating mode for the 
HEV in this embodiment. The operating mode is deter- 15 
mined on the basis of traveling speed and desired driv- 
ing torque. The operating mode is divided roughly into 
regions O, P, Q, R and S. Values of traveling speed and 
desired output torque are normalized by maximum val- 
ues for the HEV in this embodiment. 20 
[0070] Since the HEV driving system in this embod- 
iment is provided with only on motor/generator, the HEV 
cannot operated as an SHEV. In the region O, the 
engine 10 is operated in the compression ignition mode 
and the motor/generator 17 produces an suppfemen- 25 
tary torque to assist the engine 10. In the region P, the 
engine 10 is operated in the compression ignition mode 
and the motor/generator 17 generates power. In the 
region Q, the engine 10 is operated in the stratified 
charge combustion mode and the motor/generator 17 so 
generates power. In the region R, the engine 10 is oper- 
ated in the stratified charge combustion mode, the tur- 
bogenerator 7 generates power and the 
motor/generator 17 produces an supplementary torque 
to assist the engine 10. In the region S, the engine is 35 
operated in the homogeneous charge combustion 
mode, the turbogenerator generates power and the 
motor/generator 17 produces an supplementary torque 
to assist the engine 1 0. 

[0071] Fig. 21 is a time chart showing control oper- 40 
ations of a control system. A characteristic operation of 
this embodiment will be described on an assumption 
that the desired output torque changed from a value 
indicated by a point X to that indicated by a point Y in 
Fig. 20. While the engine 10 is stopped in a condition in 45 
the region O, the accelerator pedal is not displaced and 
any output driving torque is not produced. When the 
accelerator pedal is operated at time t1, a desired driv- 
ing torque To2 corresponding to an accelerator pedal 
displacement is determined. In this state immediately 50 
after the start of the engine 10, air-fuel ratio is unstable, 
in this region, the motor/generator 17 produces a sup- 
plementary torque to assist the engine 10. The operat- 
ing condition of the engine 10 changes to an operating 
condition in the region P by time t2, in which air-fuel 55 
ratio is stable and the torque of the engine increases 
and hence the motor/generator 17 stops producing the 
supplementary torque. In the region P, the motor gener- 



ator 1 7 is driven for power generation by part of the out- 
put torque of the engine. Power generating amount is 
adjusted by slightly reducing air-fuel ratio to increase 
the output torque of the engine. After air-fuel ratio is 
adjusted to 30, engine torque is kept constant and 
motor torque is produced. An air-fuel ratio changing 
control operation is performed at time t4 when the motor 
torque difference ATm becomes approximately equal to 
the engine torque difference ATe so that the output driv- 
ing torque varies smoothly. In the region S, the engine 
10 is operated in the homogeneous charge combustion 
mode, electric energy generated by the turbogenerator 
7 is supplied to the motor/generator 17 and the desired 
driving torque is produced at time t5. 
[0072] Fig. 22 shows a control procedure in this 
embodiment. In block 260, an operating condition of the 
HEV is determined on the basis of a set of data includ- 
ing an accelerator pedal displacement, a brake pedal 
displacement and a traveling speed, and a desired driv- 
ing torque is calculated in block 261. In block 262, an 
operating mode is determined on the basis of the 
desired driving torque and the traveling speed. 
[0073] When the operating mode is in the region O, 
the amount of electric energy stored in the electric 
energy storage device 5 is checked in block 263. If the 
electric energy storage device 5 is sufficiently charged, 
the engine 10 operating in the compression ignition 
mode in block 264 is assisted by a supplementary 
torque. 

[0074] In the region P, the engine 10 is operated in 
the compression ignition mode in block 264 to drive the 
vehicle. The motor/generator 17 does not produce any 
driving force. The amount of electric energy stored in 
the electric energy storage device 5 is checked in block 
268. If the electric energy storage device 5 is insuffi- 
ciently charged, the electric energy storage device 5 is 
charged by using the output of the engine in block 270. 
[0075] In the regions Q and R, the engine 10 is 
operated in the stratified charge combustion mode in 
block 265. In the region Q, the motor/generator 17 does 
not produce any driving force. The amount of electric 
energy stored in the electric energy storage device 5 is 
checked in block 268. If the electric energy storage 
device 5 is insufficiently charged, power is generated by 
using the output of the engine in block 270 to charge the 
electric energy storage device 5, In the region R, power 
is generated by the turbogenerator 7 in block 271 and 
the electric energy generated by the turbogenerator 7 is 
used for generating an supplementary torque by the 
motor/generator in block 275 to assist the engine. 
[0076] In the region S, the engine is operated in the 
homogeneous charge combustion mode in block 266. 
The turbogenerator 7 generates power in block 272, 
and the motor/generator is operated in block 276 by 
using electric energy generated by the turbogenerator 7 
to produce a supplementary torque to assist the engine. 
[0077] Fig. 23 shows a turbogenerator to be 
employed in the present invention. The turbogenerator 
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comprises a shaft 83, a turbine wheel 87 mounted on 
the shaft 83, a field magnet rotor 93 mounted on the 
shaft 83, a radial bearing 80, a thrust bearing 81, an 
angular position sensor 90, a shaft seal 91 and a stator 
92. An oil is supplied through an oil supply port 85 to 5 
cool and lubricate the shaft 83, and is discharged 
through a discharge port 86. The exhaust gas dis- 
charged from the engine flows into a turbine chamber 
82 housing the turbine wheel 87 to drive the turbine 
wheel 87. The exhaust gas is discharged through an 10 
discharge opening 84. 

[0078] Fig. 24 shows amount of heat that can be 
recovered from the exhaust gas by the turbogenerator 
employed in the present invention. Fig. 24 shows the 
relation between engine speed and engine torque. In is 
Fig. 24, a curve 94 indicates the output torque charac- 
teristic of the engine, dotted lines 95 to 99 connect 
points indicating the same amount of recovered heat, 
and numerals enclosed by a rectangle indicates the 
ratio of the amount of recovered exhaust heat to that 20 
indicated by the dotted line 95. A greater amount of 
exhaust heat can be recovered when the engine torque 
is higher. 

[0079] Fig. 25 shows the relation between acceler- 
ator pedal displacement and brake pedal displacement, 25 
and driving torque and regenerative braking torque. 
Suppose that the accelerator pedal is depressed while 
the HEV is traveling at a low traveling speed V1 to accel- 
erate the HEV for steady-state traveling at an increased 
traveling speed V2. The HEV is in a steady-state 30 
traveling at the traveling speed V1 in a state X, and the 
same is in a steady-state traveling at the traveling speed 
V2 in a state Z. When an accelerator pedal displace- 
ment rx1 in the state X is increased to an accelerator 
pedal displacement a2, the traveling speed changes 35 
scarcely immediately after the increase of accelerator 
pedal displacement and the desired driving torque is 
equal to that in a state Y' shown in Fig. 25. Since the 
traveling speed increases gradually, the desired driving 
torque is equal to that in the state Y. Details between the 40 
state X and the state Y are mentioned in connection 
with the description of the first embodiment with refer- 
ence to Figs. 1 to 12. 

[0080] In the state Y, the traveling speed is V2 and 
the accelerator pedal displacement remains at a2. Con- 45 
sequently, the traveling speed increases further to V3. 
The accelerator pedal displacement must be reduced to 
maintain the traveling speed at V2. If the accelerator 
pedal displacement is reduced to a3, the traveling 
speed is maintained at V2 and the HEV travels in a so 
steady-state traveling mode in the state 2. A state 
change A occurs between the state Y and the state Z. 
Reduction of accelerator pedai displacement in the 
state Z is a preparatory operation for braking and the 
HEV operates in the regenerative braking mode shown 55 
in Figs. 11 A and 11B. The state' change A will be 
described. 

[0081] A state change X -» Y -» Z is illustrated in 



Figs. 26, 27 and 28. Power sources to be used are 
shown in Fig. 28. When the operating state changes 
from the state Y to the state Z, the operating state 
changes from a series/parallel state changes to a state 
in which only the engine is used. Fig. 27 shows a motor 
operating mode. In the state Y, the turbogenerator and 
the generator are used for power generation, and the 
motor generator is used for driving. In the state Z, the 
motor generator is stopped. Fig. 26 shows an engine 
operating mode. The engine is operated in the homoge- 
neous charge combustion mode in the state Y and in 
the stratified charge combustion mode in the state Z. 
[0082] Fig. 29 shows a change from the state Y to 
the state Z. In a region C in the state Y, accelerator 
pedal displacement is a2, desired driving torque is To2 
and output driving torque is T2. The output driving 
torque T2 is the sum of an engine torque Te3 and a 
motor torque Tm1. When accelerator pedal displace- 
ment is changed from oc2 to ct3 to maintain the traveling 
speed, desired driving torque becomes To3, and the 
operating mode of the engine is changed from the 
homogeneous charge combustion mode to the stratified 
charge combustion mode, in which air-fuel ratio is 
changed from 14.7 to about 30. When the operating 
mode of the engine is changed, engine torque drops by 
ATe. Therefore, a current command is changed to 
increase motor torque by ATm. Consequently, the oper- 
ating condition can be changed from that in the region C 
to that in region B* without changing torque stepwise. 
After the region has been changed at time t1, air-fuel 
ratio is maintained at 30 until time t2, and the torque of 
the motor is reduced gradually to naught by the time t2. 
After the motor torque has been reduced to naught, air- 
fuel ratio is changed to 40 to reduce engine torque to an 
output driving torque T3 by time t3. Thus, operating 
region can smoothly be changed. Since electric power 
generated by using energy recovered from the exhaust 
gas by the turbogenerator is used to produce the torque 
increment ATm, the efficiency is not reduced by the 
changing control. 

INDUSTRIAL APPLICABILITY 

[0083] The hybrid vehicle driving system according 
to the present invention having the means for combining 
the respective output torques of the internal-combustion 
engine and the motor or transmitting the output torque 
of the internal-combustion engine or that of the motor 
comprises the turbogenerator for converting the energy 
of the exhaust gas of the internal-combustion engine 
into electric energy, and the means for electrically con- 
necting the turbogenerator and the electric motor, the 
engine of the HEV can be operated in the lean combus- 
tion mode for most part of its operating time and hence 
the fuel consumption rate and efficiency of the engine 
can be improved. 

[0084] According to the present invention, a hybrid 
vehicle driving method operates an internal-combustion 
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engine selectively in a first operating mode in which a 
mixture of an air-fuel ratio not lower than a predeter- 
mined first air-fuel ratio is supplied to the internal-com- 
bustion engine or a second operating mode in which a 
mixture of an air-fuel ratio not higher than a predeter- 
mined second air-fuel ratio lower than the first air-fuel 
ratio is supplied to the internal-combustion engine, and 
drives wheels by a composite torque produced by com- 
bining the respective output torques of the internal-com- 
bustion engine and an electric motor, wherein the 
electric motor is driven and maintains the air-fuel ratio of 
the mixture supplied to the internal-combustion engine 
at the first air-fuel ratio when the air-fuel ratio decreases 
below the first air-fuel ratio while the internal-combus- 
tion engine is operating in the first operating mode. 
Thus, the present invention provides a HEV driving sys- 
tem capable of changing its operating condition in a 
lean combustion region to that in a stoichiometric com- 
bustion region without operating in an operating condi- 
tion that produces NO x and provides an automobile that 
does not cause air contamination. 
[0085] According to the present invention, a second 
air-fuel ratio engine torque that may be produced by the 
internal-combustion engine when a mixture of the sec- 
ond air-fuel ratio is supplied to the internal-combustion 
engine is estimated, a torque difference between an 
engine torque that may be produced when a mixture of 
the first air-fuel ratio is supplied to the engine and the 
estimated second air-fuel ratio engine torque is calcu- 
lated, and the operating mode is changed from the first 
operating mode to the second operating mode when the 
output torque of the electric motor is approximately 
equal to the calculated torque difference. Thus, the 
present invention provides a driving method that does 
not change the torque suddenly and improves the per- 
formance of the automobile. 

[0086] According to the present invention, a hybrid 
vehicle comprises an internal-combustion engine capa- 
ble of operating in a compression ignition mode, a gen- 
erator capable of converting the output energy of the 
internal-combustion engine into electric energy, and an 
electric motor capable of converting the electric energy 
generated by the generator into driving energy for driv- 
ing driving wheels. Thus, a torque sufficient for driving a 
vehicle can be produced by the engine capable of pro- 
ducing a small torque and of operating in the compres- 
sion ignition mode. 

Claims 

1. A hybrid vehicle driving system having a transmis- 
sion means for selectively transmitting an output 
torque of an internal-combustion engine, an output 
torque of an electric motor or a composite torque 
produced by combining the respective output tor- 
ques of the internal-combustion engine and the 
electric motor to driving wheels, characterized by 
comprising a turbogenerator capable of converting 



energy of exhaust gas discharged from the internal- 
combustion engine into electric energy; and an 
electrical connecting means for electrically con- 
necting the turbogenerator to the electric motor. 

5 

2. A hybrid vehicle comprising: an internal-combus- 
tion engine; an electric motor; and a transmission 
means for selectively transmitting an output torque 
of the internal-combustion engine, an output torque 

w of the electric motor or a composite torque pro- 

duced by combining the respective output torques 
of the internal-combustion engine and the electric 
motor to driving wheels, characterized by compris- 
ing a turbogenerator capable of converting energy 

15 of exhaust gas discharged from the internal-com- 

bustion engine into electric energy; and an electri- 
cal connecting means for electrically connecting the 
turbogenerator to the electric motor. 

20 3. A hybrid vehicle comprising: an internal-combus- 
tion engine; a generator for converting output 
energy of the internal-combustion engine into elec- 
tric energy; and an electric motor for converting the 
electric energy produced by the generator into driv- 
es ing energy for driving driving wheels, characterized 
by comprising a turbogenerator capable of convert- 
ing energy of exhaust gas discharged from the 
internal-combustion engine into electric energy; 
and an electrical connecting means for electrically 
30 connecting the turbogenerator to the electric motor. 

4. A hybrid vehicle comprising: an internal-combus- 
tion engine; an electric motor; a transmission 
means for selectively transmitting an output torque 

35 of the internal-combustion engine, an output torque 

of the electric motor or a composite torque pro- 
duced by combining the respective output torques 
of the internal-combustion engine and the electric 
motor to driving wheels; a battery for storing electric 

40 energy; and a turbogenerator for converting energy 

of exhaust gas discharged from the internal-com- 
bustion engine into electric energy, characterized in 
that the electric motor receives energy from both 
the turbogenerator and the battery. 

45 

5. A hybrid vehicle driving system having a transmis- 
sion means for selectively transmitting an output 
torque of an internal-combustion engine, an output 
torque of an electric motor or a composite torque 

50 produced by combining the respective output tor- 

ques of the internal-combustion engine and the 
electric motor to driving wheels, characterized in 
that the electric motor produces a torque for com- 
pensating a stepped change in output torque of the 

55 internal-combustion engine. 

6. A hybrid vehicle driving system comprising: an 
internal-combustion engine capable of selectively 
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operating in a first operating mode in which a mix- 
ture of an air-fuel ratio not lower than a predeter- 
mined first air-fuel ratio is supplied to the internal- 
combustion engine or a second operating mode in 
which a mixture of an air-fuel ratio not higher than a 5 
predetermined second air-fuel ratio lower than the 
first air-fuel ratio is supplied to the internal-combus- 
tion engine; an electric motor; and a transmission 
means for producing a composite torque by com- 
bining an output torque of the internal-combustion 7 <? 
engine and an output torque of the electric motor 
and transmitting the composite torque to driving 
wheels; wherein the electric motor produces a 
torque for reducing a stepped change in the output 
torque of the internal-combustion engine when the 75 
operating mode of the internal-combustion engine 
is changed from the first operating mode to the sec- 
ond operating mode and vice versa.. 

7. A hybrid vehicle driving method comprising: operat- 20 
ing an internal-combustion engine selectively in a 
first operating mode in which a mixture of an air-fuel 
ratio not lower than a predetermined first air-fuel 
ratio is supplied to the internal-combustion engine 

or a second operating mode in which a mixture of 25 
an air-fuel ratio not higher than a predetermined 
second, air-fuel ratio lower than the first air-fuel 
ratio is supplied to the internal-combustion engine, 
and driving wheels by a composite torque produced 
by combining respective output torques of the inter- 30 
nal-combustion engine and an electric motor, 
wherein the electric motor is driven and the air-fuel 
ratio of the mixture supplied to the internal-combus- 
tion engine is maintained at the first air-fuel ratio 
when the air-fuel ratio decreases below the first air- 35 
fuel ratio while the internal-combustion engine is 
operating in the first operating mode. 

8. The hybrid vehicle driving method according to 
claim 7, wherein a second air-fuel ratio engine 40 
torque that may be produced by the internal-com- 
bustion engine when a mixture of the second air- 
fuel ratio is supplied thereto is estimated, a torque 
difference between an engine torque produced by 

the Internal-combustion engine when a mixture of 45 
the first air-fuel ratio is supplied to the internal-com- 
bustion engine and the estimated second air-fuel 
ratio engine torque is calculated, and the operating 
mode of the internal-combustion engine is changed 
from the first operating mode to the second operat- so 
ing mode when an output torque of the electric 
motor becomes approximately equal to the calcu- 
lated torque difference. 

9. The hybrid vehicle driving method according to 55 
claim 7, wherein a second air-fuel ratio engine 
torque that may be produced by the internal-com- 
bustion engine when a mixture of the second air- 



fuel ratio is supplied to the internal-combustion 
engine is estimated, and the operating mode of the 
internal-combustion engine is changed from the 
first operating mode to the second operating mode 
upon the increase of the sum of an engine torque 
produced by the internal-combustion engine when 
" a mixture of the first air-fuel ratio is supplied thereto 
and an output torque of the electric motor beyond 
the estimated second air-fuel ratio engine torque. 

10. The hybrid vehicle driving method according to 
claim 8 or 9, wherein driving torque variation that 
occurs when the operating mode of the internal- 
combustion engine changes from the first operating 
mode to the second operating mode is used as a 
parameter when estimating the second air-fuel ratio 
engine torque that may be produced by the internal- 
combustion engine when a mixture of the second 
air-fuel ratio is supplied thereto. 

11. A hybrid vehicle comprising an internal-combustion 
engine capable of operating in a compression igni- 
tion mode; a generator for converting an output 
energy of the internal-combustion engine into elec- 
tric energy; and a motor for converting the electric 
energy generated by the generator into driving 
energy for driving driving wheels. 

12. A hybrid vehicle comprising: an internal-combus- 
tion engine capable of operating selectively in a 
compression ignition mode, a stratified charge 
combustion mode or a homogeneous charge com- 
bustion mode according to a required load; a gener- 
ator for converting output energy of the internal- 
combustion engine into electric energy; and an 
electric motor for converting electric energy gener- 
ated by the generator into driving energy for driving 
driving wheels. 

13. A hybrid vehicle driving method comprising the 
steps of: operating an internal-combustion engine 
in a compression ignition mode according to 
required load, converting output energy of the inter- 
nal-combustion engine into electric energy by a 
generator; and converting electric energy gener- 
ated by the generator into driving energy for driving 
driving wheels by an electric motor. 

14. A hybrid vehicle driving method comprising the 
steps of: operating an internal-combustion engine 
in a compression ignition mode according to 
required load; converting output energy of the inter- 
nal-combustion engine into electric energy by a 
generator; and converting electric energy gener- 
ated by the generator into driving energy for driving 
driving wheels by an electric motor. 

15. A hybrid vehicle driving method comprising the 
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steps of: operating an internal-combustion engine 
in a compression ignition mode according to 
required load; converting part of output energy of 
the internal-combustion engine into electric energy 
by a generator; and converting electric energy gen- 5 
erated by the generator into driving energy for driv- 
ing driving wheels by an electric motor. 

16. A hybrid vehicle driving method comprising the 
steps of: operating an internal-combustion engine w 
in a compression ignition mode; converting part of 
output energy of the internal-combustion engine 
into electric energy by a motor/generator connected 
to an output shaft included in the internal-combus- 
tion engine and storing the electric energy in a bat- 15 
tery when required load on driving wheels is not 
greater than a predetermined value; and converting 
electric energy stored in the battery into driving 
energy for driving the driving wheels by the 
motor/generator when required load on the driving 20 
wheels is greater than the predetermined value. 
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